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Abstract
We consider a mechanism for realizing the desired decoupling of strongly-coupled
sector which is supposed to generate hierarchical structure of the Yukawa couplings.
In our mechanism, the same strongly-coupled sector is responsible for generating a
sufficiently flat potential and a large vacuum expectation value (VEV) of a gauge-singlet
scalar field by suppressing its soft scalar mass and self-coupling. Vacuum instability is
caused by supersymmetry-breaking A-term of order 10 TeV. We explicitly demonstrate
the infrared convergence of soft scalar masses due to strongly-coupled dynamics and
show the soft mass of the singlet is at most comparable to soft masses of squarks and
sleptons, which are much suppressed than the A-term. The physical mass scale of the
decoupling is calculated in a self-consistent way. We also reinterpret the result in terms
of a RG-improved effective potential.
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§1. Introduction
An attractive candidate for models beyond the Standard Model (SM) is provided by
softly-broken supersymmetry (SUSY). In general, soft SUSY-breaking parameters can be a
new source of flavor mixings and CP violation, and search for such effects may give us an
indication of new physics. However, an arbitrary set of SUSY-breaking parameters results
in too large flavor violations. One way to suppress SUSY flavor violating effects is to assume
that sfermions have diagonal and degenerate masses at some high-energy scale. For instance,
the flavor-blind mediation mechanism of SUSY breaking has been discussed extensively in
the context of extra dimensions. In this approach, SUSY flavor violations are suppressed
irrespectively of the origin of hierarchical structure of Yukawa couplings and mixing angles.
An alternative approach to SUSY flavor problem was proposed by Nelson and Strassler1)
and has been developed in Refs. 2)–6), by utilizing interesting properties of strongly-coupled
gauge theories with nontrivial infrared (IR) fixed point.7), 8) When such a superconformal
field theory (SCFT) is perturbed by soft SUSY-breaking terms, these soft terms become
suppressed in IR regime.9) Specifically soft scalar masses satisfy IR sum rules:2)
∑
i
T ai m
2
i −→ 0 , m
2
i +m
2
j +m
2
k −→ 0 , (1.1)
where mi is a soft scalar mass of matter chiral field Φi and T
a
i is Dynkin index of Φi under the
gauge group Ga. [These IR sum rules correspond to the fixed point condition of the gauge
coupling and a superpotential coupling λijkΦiΦjΦk, respectively.] It was then argued
1), 2) that
one can construct a model in which these IR sum rules are powerful enough to constrain
squarks/slepton masses. Consequently one can obtain an approximately degenerate sfermion
masses at weak scale, independently of mediation mechanism of SUSY breaking.
The hierarchy of SM Yukawa couplings can also be generated by coupling SCFT’s to
SUSY SM (or its extension). Through an interaction with SCFT sector, SM matter fields
gain large anomalous dimensions γi so that the SM Yukawa couplings yij obey power-law
running,
yij (µ) ≈ yij (Λ)
(µ
Λ
) 1
2
(γi+γj)
, (1.2)
where Λ is a scale below which strongly-coupled sector may be regarded as approximately
conformal. In the original Nelson-Strassler scenario, family-dependent anomalous dimensions
give rise to the hierarchy of SM Yukawa couplings. [Alternatively, Yukawa hierarchy transfer
scenario was proposed,6) where one can achieve complete degeneracy of sfermion masses by
combining the SCFT idea either with U(1) flavor symmetry or extra-dimensional setup.]
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Now, it is important to notice that power-law running (1.2) of Yukawa couplings should
be terminated at a certain scale Mc. In other words, SCFT sector should decouple from
SUSY SM-sector. Such decoupling is possible if ‘SCFT’ sector is not an exact conformal
field theory; Some matter fields have a tiny bare mass term at the ultraviolet (UV) cutoff
scale. If the mass term is tiny enough, the perturbed theory can be regarded as approximately
conformal. However, as we go down to lower energy scale, the mass term becomes important
and eventually the ‘SCFT’ sector becomes massive. On phenomenological ground,1)–3) the
decoupling scale Mc is required to be of several order below the scale Λ. If we identify Λ
with the Planck scale MPl, the required decoupling scale is around an intermediate scale
1013−1015GeV.
Our aim here is to discuss an origin of the required mass term. One may add an invariant
mass term (by hand) if smallness of that mass parameter is related to smallness of other
ones. For instance, Ref. 10) discussed an application of SCFT to SUSY Higgs sector, where
its decoupling is realized by an invariant mass term whose origin is related to that of the µ
term in SUSY SM. On the other hand, there are several ways for generating it dynamically.
One way is to assume another strong gauge dynamics that is responsible for mass generation,
as was already mentioned in Ref. 1). Another possibility is to use an anomalous U(1) gauge
symmetry which generates a nonvanishing Fayet-Iliopoulos term. In such a model, a charged
scalar field χ often develops the VEV 〈χ〉 that cancels the Fayet-Iliopoulos term. If matter
fields in SCFT sector are charged under the U(1) and have a proper coupling to the χ field,
then they obtain mass terms that are suppressed by a power of 〈χ〉. This possibility was
discussed in Ref. 11) in the context of gauged U(1) flavor symmetry.
In the present paper, we propose a simpler possibility; SCFT sector becomes massive
and decouples from SM-sector via its own superconformal dynamics. We also give a rough
estimate of how large mass scale can be generated by our mechanism. In the next section,
we set up a toy model which we use to explain our idea. Specifically we introduce a massless
singlet field S that couples to SCFT sector through a renormalizable superpotential. In
§3, we study renormalization group (RG) evolution of parameters in the model. The cubic
self-coupling of S is suppressed due to a large anomalous dimension generated by SCFT
dynamics, while the corresponding A parameter is not. We also demonstrate explicitly that
soft scalar mass of the singlet S becomes suppressed and converges on a small value. In §4,
we show how an approximately flat potential for S is generated by strongly-coupled dynam-
ics of SCFT. Consequently we can generate a hierarchically large VEV compared with the
size of soft SUSY-breaking parameters. This is our main result. In addition, we also discuss
RG-improvement of the effective potential. It turns out that we obtain apparently different
expressions for the scalar VEV from the tree potential with RG running parameters substi-
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Table I. Matter content (Nf = 2n)
ΦL ΦR ΦL ΦR ψL ψR S
SU(Nc) Nc Nc Nc Nc 1 1 1
SU(n)L n 1 1 n n n 1
SU(n)R 1 n n 1 n n 1
tuted and from the RG-improved potential. We explain that such discrepancy disappears
if we calculate the ‘physical’ decoupling scale Mc defined in a self-consistent manner. Ap-
pendix is devoted to an illustration of IR convergence of soft scalar masses by using one-loop
anomalous dimensions.
§2. Model
In this section, we describe a model with an IR fixed point. For simplicity, we discuss a
toy model with left-right symmetry.
We consider a GSC = SU(Nc) gauge theory with Nf = 2n flavors, which we will refer to
as SC sector. In addition, we add several singlets under GSC. The matter content is shown in
Table I. The model has GSM ≡ SU(n)L × SU(n)R flavor symmetry which we weakly gauge.
In a realistic application, GSM will be regarded as the SM gauge group (or its extension)
and ψL,R as quark and lepton fields. So we will refer to GSM as SM gauge group and to
ψ’s as SM-matter fields also in this toy model. In addition we impose Z2 symmetry which
exchanges L fields with R fields.
The superpotential we consider is given by W =Wmess +Wdec with
Wmess= λψ
[
ψL(n,n)ΦL(n, 1)ΦL(1,n) + ψR(n,n)ΦR(1,n)ΦR(n, 1)
]
, (2.1)
Wdec = λS S(1, 1)
[
ΦL(n, 1)ΦR(n, 1) + ΦR(1,n)ΦL(1,n)
]
+
κ
3!
S3(1, 1) , (2.2)
where we have indicated SU(n)L×SU(n)R quantum numbers. SM-matter fields ψ couple to
SC-sector through the superpotential term (2.1), which we call messenger interaction. On
the other hand, the first term in Eq. (2.2) represents a coupling to gauge-singlet field S, and
becomes mass term of SC-sector matter fields Φ and Φ once S develops a nonzero VEV. It
is the main subject of the present paper to describe how a large VEV of S can be generated
thanks to strong GSC dynamics itself.
With sufficiently many matter fields, the SU(Nc) gauge theory resides in the so-called
conformal window and its gauge coupling gSC reaches an IR fixed point, supersymmetric
version of Banks-Zaks fixed point.7), 8) At this point the SC-sector matter fields Φ and Φ
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obtain a large negative anomalous dimension (γΦ)∗ = (γΦ¯)∗ = − (3Nc −Nf) /Nf , and so
the messenger interactions (2.1) become relevant. Then SM-sector matter fields ψ develop
a large positive anomalous dimension (γψ)∗, and eventually the coupling λψ reaches a new
fixed point. This is the basic setup of models in Refs. 1), 6). In addition, we assume that
the same is true for the singlet coupling λS in Eq. (2.2):
µ
d
dµ
lnλS =
1
2
(γS + γΦ + γΦ¯) −→ 0 . (2.3)
Thus the singlet field S also gains a large anomalous dimension (γS)∗.
As was shown in Ref. 2), 3), whenever anomalous dimensions of all the chiral fields are
uniquely determined at the fixed point, one can use IR sum rules of the type (1.1) to show
that each soft scalar mass is suppressed at IR. In our case, the symmetry of the theory
ensures that all the chiral fields have definite anomalous dimensions at the new fixed point.
Actually the fixed point conditions of the couplings gSC, λψ and λS imply
1
2
(γψ)∗ =
1
2
(γS)∗ = −
1
2
(γΦ + γΦ¯)∗ =
3Nc −Nf
Nf
≡ γ∗ . (2.4)
In this paper, we confine ourselves to 2Nc < Nf < 3Nc (i.e., the “weakly-coupled side” of
the conformal window) and treat γ∗ as a free parameter satisfying
0 < γ∗ <
1
2
. (2.5)
We note that the higher dimensional operator (ΦΦ)
2
remains irrelevant as long as Eq. (2.5)
is satisfied.
In our model, a mass term of SC-sector matter fields Φ and Φ is generated through
the first term in Eq. (2.2) once the singlet field develops a nonzero VEV 〈S〉. The mass
parameter renormalized at a scale µ is given by MΦ(µ) = λS(µ) 〈S(µ)〉, in which λS(µ) may
be replaced by its fixed point value λS∗ of O (4pi). To determine the size of the VEV, we
will analyze in §4 the scalar potential
V (S, S) = m2S |S|
2 −
{
1
3!
κAκS
3 +H.c.
}
+
1
4
|κ|2 |S|4 , (2.6)
which includes soft SUSY-breaking parameters, m2S and Aκ.
Some remarks are in order here. The first remark concerns the physical definition of the
decoupling scale. It turns out that the VEV and thus the mass parameter MΦ(µ) depend
heavily on the renormalization scale µ. This is to be expected from the fact that the fields
involved here have large anomalous dimensions. In terms of this running mass parameter,
therefore, we define the decoupling scale Mc of SC sector in a self-consistent manner by
Mc =MΦ(µ =Mc) . (2.7)
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The second remark is about SUSY breaking; We allow a generic set of soft SUSY-breaking
parameters at the Planck scale MPl ≈ 10
19GeV. Specifically we assume that the soft pa-
rameters are of a few times 10TeV. This initial value appears rather large for GSM-sector
particles, but actually, their soft parameters at lower energy are reduced by a couple of
SCFT effects: The running gaugino mass of GSM is reduced toward IR through corrections
by many extra GSM-chraged fields before GSC-sector decouples. Moreover, SCFT dynamics
forces the soft scalar masses converge on a small value as we will explain in the next section.
§3. Renormalization Group Evolution
In this section, we study renormalization group (RG) evolution of the parameters that
appear in the scalar potential (2.6).
The most important point in our scenario is power-law suppression of the cubic self-
coupling κ in the second term in the superpotential (2.2). As the first term in Eq. (2.2)
approaches the fixed point λS → λS∗, the singlet field S obtains a large anomalous dimension
(γS)∗ = 2γ∗. This fact has a significant effect on κ. If we denote by Λ the scale below which
the theory can be regarded as conformal, we have a power-law suppression according to
κ(µ) ≈ κ0
(µ
Λ
)3γ∗
, (3.1)
where κ0 = κ(Λ) = O (1). Later we will take Λ = MPl for simplicity. [Namely, we will
assume that the λψ and λS as well as GSC gauge coupling are very close to the conformal
fixed point already at the Planck scale, whereas we allow κ0 = κ(Λ) = O (1).]
Another important point is IR suppression of soft SUSY-breaking terms.2), 9) For instance,
the gaugino mass of GSC gauge theory and A parameters corresponding to the superpotential
couplings λψ and λS become suppressed toward the superconformal fixed point. Therefore
we will neglect all of them hereafter. Similarly the soft scalar masses m2i (i = Φ, Φ, ψ, S)
are generally suppressed thanks to SCFT dynamics. In fact, as we shall explicitly discuss
shortly, the IR suppression is violated by a small amount due to nonvanishing gauge couplings
αa = g
2
a/(8pi
2) and gaugino masses ma of GSM gauge theory:
m2i (µ) −→ m
2
i(∗)(µ) = O
(
αam
2
a
)
, (3.2)
where the index a = L,R is for each factor group of GSM = SU(n)L × SU(n)R. Moreover,
the ‘convergence value’ m2i(∗) has only mild µ-dependence since GSM-sector is weakly coupled
so that αa and ma run very slowly. In the following sections, we will treat m
2
i(∗) as if it is a
constant.
On the other hand, the Aκ parameter corresponding to the cubic self-coupling κ is not
suppressed so much. This is because the trilinear scalar coupling κAκ receives power-law
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suppression in almost the same way as in Eq. (3.1). Accordingly, unlike the soft scalar mass
parameter, this A-parameter is approximately unchanged,
Aκ(µ) ≈ Aκ(Λ) e
−
κ2
0
6γ∗ ≡ Aκ∗ . (3.3)
Thus we expect rather large A term in the scalar potential (2.6).
Now, let us demonstrate IR convergence of soft scalar masses via SCFT dynamics. In
our model, left-right symmetry implies m2ΦL = m
2
ΦR
and m2
Φ¯L
= m2
Φ¯R
as well as m2ψL = m
2
ψR
.
Therefore, near the conformal fixed point, RG equations for soft scalar masses take the form
µ
d
dµ


m2ψ
m2Φ +m
2
Φ¯
m2S

 =M


m2ψ
m2Φ +m
2
Φ¯
m2S

− ∑
a=L,R


Caψ
CaΦ + C
a
Φ¯
CaS

 4αam2a . (3.4)
The coefficient matrix M summarizes strongly-coupled effects on these soft scalar masses
and is given by
M =


aψ aψ 0
bψ bψ + bS +∆ bS
0 aS aS

 , ∆ ≡ 2CSCNfα2SC
1−NcαSC
, (3.5)
where ai and bi (i = ψ, S) are coefficient functions of O (1). At one-loop level, as we will
explicitly work out in Appendix, we find
aψ =
Nc |λψ|
2
8pi2
, aS =
NfNc |λS|
2
8pi2
, bψ =
Nf |λψ|
2
8pi2
, bS =
2 |λS|
2
8pi2
. (3.6)
All of these are of O (1) near the fixed point, except that the last one bS is rather small.
We note also that the coefficients ai at one-loop level are equal to the anomalous dimensions
(γi)∗ at the fixed point.
On the other hand, the second term in RG equations (3.4) is perturbative corrections at
the lowest order in gauge couplings αa = g
2
a/(8pi
2). At one-loop level, the coefficients C’s
are just Casimir factors (A.7) and thus CaS = 0; In general they are functions of SC-sector
couplings such as gSC and λi (i = ψ, S).
The coefficient matrix M is non-singular thanks to the ∆-term, detM = aψaS∆, and
we can write its inverse matrix in the form
M−1 =


a−1ψ
0
a−1S

 + 1
∆


−1
+1
−1


(
−
bψ
aψ
+1 −
bS
aS
)
. (3.7)
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Consequently we find that soft scalar masses converge in IR regime as

m2ψ
m2Φ +m
2
Φ¯
m2S

 −→ ∑
a=L,R




a−1ψ C
a
ψ
0
a−1S C
a
S

 + ra
∆


−1
+1
−1




∗
4αam
2
a , (3.8)
where we have defined
ra ≡ CaΦ + C
a
Φ¯ −
∑
i=ψ,S
bi
ai
Cai . (3.9)
Note that the scalar component of the S could be tachyonic if ra > 0. However, one-loop
result (3.6) indicates that this is unlikely (as long as Nf/Nc > 2). On the other hand, when
ra < 0, SC-matter fields Φ and Φ have negative soft mass-squared, but they will also have
huge supersymmetric mass term (2.7).
In passing, we note that the IR sum rules (1.1) corresponding to the superpotential
couplings λψ,S get modified by non-conformal gauge interactions into
m2ψ +m
2
Φ +m
2
Φ¯ −→
1
aψ
∑
a
4Caψαam
2
a , (3.10)
m2S +m
2
Φ +m
2
Φ¯ −→
1
aS
∑
a
4CaSαam
2
a . (3.11)
At the lowest order in perturbative gauge coupling αa=L,R, the correction to each sum rule is
proportional to the Casimir coefficient of SC-singlet field (ψ or S). On the other hand, the
correction to the sum rule corresponding to the ∆-term is proportional to the complicated
combination r defined above.
We see that the convergence value of m2S is more suppressed than, or at most comparable
to, squark/slepton massm2ψ, which is much smaller than A
2
κ. Therefore we have a hierarchical
relation
m2S(µ)<∼
m2ψ(µ)≪ A
2
κ(µ) , (3.12)
for µ ≪ Λ. Consequently, the trilinear coupling is more important in the scalar potential
(2.6) than soft scalar mass term.
§4. Generation of large mass scale
Now we discuss generation of the decoupling scale (2.7) by analyzing the scalar poten-
tial (2.6). In this section, we examine the tree potential with the RG running parameters
substituted.
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Let us parameterize the scalar VEV as 〈S〉 = seiΘ (s ≥ 0). The phase Θ is fixed by the
A-term which violates U(1)R symmetry. In the following we take the couplings κ and Aκ to
be real and positive, for simplicity. As a result, the VEV is along Θ = 0 direction. With
this understanding, we write the scalar potential as
V
(
S = seiΘ
)
= m2S(µ) s
2 −
1
3
κ(µ)Aκ(µ) s
3 cos (3Θ) +
1
4
κ2(µ) s4 . (4.1)
This potential has a nontrivial minimum since the mass parameter is much smaller than the
A-parameter. In fact, the stationary condition
0 =
∂V
(
seiΘ
)
∂s
∣∣∣∣∣
Θ=0
= A2κ(µ) s
[
2m2S(µ)
A2κ(µ)
−X +X2
]
(4.2)
has solutions
X ≡
κ (µ)
Aκ (µ)
s =
1
2
[
1±
√
1−
8m2S (µ)
A2κ (µ)
]
≡ x± . (4.3)
Note that for µ sufficiently smaller than Λ, the values x± become almost independent of µ.
In addition, if we use an approximation (3.12), this expression simplifies to
x+ ≈ 1 , x− ≈
2m2S∗
A2κ∗
. (4.4)
The potential takes the minimum at the point x+ (while x− corresponds to a local maximum).
Therefore we find
〈S〉 = x+
Aκ(µ)
κ(µ)
≈
Aκ∗
κ0
(
Λ
µ
)3γ∗
, (4.5)
where we have substituted running parameters (3.1) and (3.3).
An interesting point in Eq. (4.5) is that the scalar VEV is much enhanced from Aκ∗ =
O (10) TeV. Namely, as the superconformal regime persists longer and longer, the self-
coupling κ(µ) becomes smaller and smaller. As a result, the scalar potential becomes more
flat and the resultant VEV becomes larger. Of course, power-law running as above should be
stopped at the scale µ ≈Mc where the SC-sector becomes massive and decouples. Therefore,
the above expression (4.5) is reliable only for a proper choice of µ ∼ 〈S〉. Actually a self-
consistent definition (2.7) of the decoupling scale leads to
M1+3γ∗c =
(
x+λS∗
κ0
)
Aκ∗Λ
3γ∗ . (4.6)
We see that the decoupling scale is enhanced by powers of the UV scale Λ below which we
have power-law running like Eq. (3.1).
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Fig. 1. The decoupling scale Mc as a function
of anomalous dimension γ∗ in the case of
cubic superpotential (p = 3).
Fig. 2. The decoupling scale Mc as a function
of anomalous dimension γ∗ in the case of
quartic superpotential (p = 4).
The generation of a large mass scale can be understood also in terms of RG-improved
effective potential.12)–14) We will defer the discussion to the next section.
Let us illustrate our results numerically. We take the parameters to be κ0 = 1, Aκ∗ =
10TeV and Λ = MPl = 10
19GeV. We also assume λS∗ = 1 and mS∗/Aκ∗ = 0.25 for
definiteness. Then Figure 1 shows the size of the generated scale Mc as a function of γ∗
defined in Eq. (2.4). We see that the singlet VEV and thus the Mc can be as large as
an intermediate mass scale O (1012−1013) GeV. The decoupling scale is a bit larger for
λS∗ = O (4pi) as is expected from naive dimensional analysis. Note also that we would have
even larger Mc if κ0 is suppressed for some reasons.
Up to here, we have considered the superpotential with a cubic self-interaction, Eq. (2.2).
Let us make a brief comment on the case with higher order coupling:
W
(p)
dec = λS S
[
ΦLΦR + ΦRΦL
]
+
1
p!
κp
Mp−3Pl
Sp . (4.7)
If we consider larger p (> 3), we can obtain larger VEV and thus larger decoupling scale
of SCFT. For instance, Figure 2 shows the result of p = 4 case. The parameters are the
same as before. In this case, the VEV for γ∗ = 0 is already of order of 10
12GeV, which
can be enhanced up to 1015GeV by the effect of large anomalous dimension. In general, a
phenomenologically favored value,1)–3) Mc = O (10
13−1015) GeV, can easily be obtained.
§5. RG-improved potential and enhanced mass scale
Although there is nothing wrong in the above discussion using the tree potential, it is a
bit puzzling that the minimum (4.5) of the tree potential depends on the renormalization
scale µ in a way which differs from the scaling
S
(
µet
)
= S(µ) e−γ∗t . (5.1)
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To clarify this point, let us discuss RG-improvement of the tree potential.
Generally RG improvement of the effective potential V (S) means12)–14) that one sums up
corrections to V (S) systematically by requiring that it satisfies the RG equation
0 = µ
d
dµ
V
[
S(µ) , m2S(µ) , κ(µ) , Aκ(µ) , λS(µ) ; µ
]
=
[
µ
∂
∂µ
+ βm2
S
∂
∂m2S
+
{
βκ
∂
∂κ
+ βAκ
∂
∂Aκ
+ βλS
∂
∂λS
−
γS
2
S
∂
∂S
+H.c.
}]
V . (5.2)
Since the complex phase is irrelevant for our present purpose, we will treat the couplings λS,
κ, Aκ as well as S as if they are real quantities. [Then we just drop Hermitian conjugated
terms in Eq. (5.2).] Furthermore, we will neglect the soft mass term for a moment, since we
are mainly interested in large S region. Then the general solution reads
V
[
S(µ) , κ(µ) , Aκ(µ) , λS(µ) ; µ
]
= V
[
S
(
µet
)
, κ
(
µet
)
, Aκ
(
µet
)
, λS
(
µet
)
; µet
]
. (5.3)
In the superconformal regime we are considering, only nontrivial RG evolutions are given by
Eq. (5.1) and
κ
(
µet
)
= κ(µ) e3γ∗t . (5.4)
One can reliably calculate RHS of Eq. (5.3) by making a clever choice of t. Following Ref. 14),
we choose t according to
µ2e2t =M2Φ
(
µet
)
, (5.5)
where MΦ(µ) is the mass parameter of Φ and Φ, renormalized at a scale µ, in the scalar
background S = 〈S〉. For large S region, we can neglect SUSY-breaking contribution to
M2Φ(µ), so that we have µe
t = λS(µ)S(µ) e
−γ∗t, i.e.,
eγ∗t =
[
λS(µ)S(µ)
µ
] γ∗
1+γ∗
≡
√
Z[S(µ) ; µ] . (5.6)
For S smaller than Aκ, we should properly take care of the existence of multi-mass scales,
14)
but we will not attempt it here.
Now we apply the above prescription for improving the tree potential
V
[
S(µ) , κ(µ) , Aκ(µ) ; µ
]
= −
1
3
κ
(
µet
)
Aκ
(
µet
)
S3
(
µet
)
+
1
4
κ2
(
µet
)
S4
(
µet
)
= −
1
3
κ(µ)Aκ(µ)S
3(µ) +
1
4
κ2(µ)S4(µ) e2γ∗t . (5.7)
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Evaluating the last expression by using Eq. (5.6) gives
V
[
S(µ) ; µ
]
= −
1
3
κ(µ)Aκ(µ)S
3(µ) +
1
4
κ2(µ)S4(µ)
[
λS(µ)S(µ)
µ
] 2γ∗
1+γ∗
. (5.8)
By construction, this potential satisfies the RG equation.
We can also incorporate the soft scalar mass term as follows. As we mentioned below
Eq. (3.2), the soft mass parameter m2S(µ) for µ ≪ Λ converges on a small value m
2
S∗ which
may be treated as a constant. Then, by repeating the above procedure, we find the RG-
improved tree potential including the mass term to be
V
[
S(µ) ; µ
]
=
m2S∗S
2(µ)
Z[S(µ) ;µ]
−
1
3
κ(µ)Aκ(µ)S
3(µ) +
1
4
κ2(µ)S4(µ)Z[S(µ) ;µ] , (5.9)
where the function Z [S(µ)] is defined in Eq. (5.6).
The minimum of the potential (5.9) can be found in quite the same way as before. The
stationary condition S (∂V/∂S) = 0 leads to
κ(µ)S(µ)Z[S(µ) ; µ]
Aκ(µ)
=
1 + γ∗
2 + 3γ∗
[
1±
√
1−
2 + 3γ∗
(1 + γ∗)
2
(
4m2S∗
A2κ∗
)]
≡ x′
±
. (5.10)
Thus the minimum is determined by
[
λS(µ)S(µ)
µ
] 1+3γ∗
1+γ∗
=
x′+λS(µ)Aκ(µ)
κ(µ)µ
,
or equivalently,
MΦ(µ) ≡ λS(µ)S(µ) =
(
x′+λS∗Aκ∗
κ(µ)
) 1+γ∗
1+3γ∗
µ
2γ∗
1+3γ∗ . (5.11)
Although the RG-improved potential satisfies the RG equation, its minimum does depend
on the renormalization scale µ, as is seen from Fig. 3. In fact, we have
MΦ(µ) =
[
(C ′Aκ∗)
1+γ∗ Λ2γ∗
] 1
1+3γ∗
(µ
Λ
)−γ∗
. (5.12)
where C ′ ≡ x′+λS∗/κ0 is a numerical coefficient. This is precisely the scaling of the running
mass parameter of Φ and Φ. In this way, we find that the scaling (5.1) is correctly reproduced
by our RG-improved tree potential, contrary to the naive tree potential (4.5).
The physical decoupling scale, defined through the relation Eq. (2.7), is essentially un-
changed from the previous result (4.6). This fact may be seen most easily as follows: If
we use in Eq. (5.10) the self-consistent definition (2.7), the ‘wavefunction’ factor Z[S(µ) ; µ]
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Fig. 3. RG-improved potentials with µ = 1.0 × 1013GeV (dashed line) and µ = 0.5 × 1013GeV
(solid line). We take γ∗ = 1/2 and mS∗/Aκ∗ = 0.25 for definiteness. The horizontal axis is
S(µ) in the unit of 1013GeV.
becomes trivial. Actually from the above expression (5.11) for the running mass parameter,
we obtain
Mc =
[
C ′Aκ∗Λ
3γ∗
] 1
1+3γ∗ , (5.13)
which agrees with Eq. (4.6) up to order one factor.
Figure 4 shows a comparison between the potentials with and without RG improvement,
evaluated at the physical mass scale (5.13). The parameters are the same as before, except
that we take a larger value of mS∗/Aκ∗ = 0.3 to highlight the behaviour in small S region.
We see that the minimum almost coincides with each other. On the other hand, the shape
of the potential is slightly changed as a result of the RG improvement. The mass term is
enhanced for small S region while the quartic term is enhanced for large S region due to
S-dependent Z factor.
Finally, we should note that the effective potential (5.9) receives nontrivial improvements
only through a field-dependent ‘wavefunction’ factor Z[S(µ) ; µ] of the scalar field S(µ). Of
course, this property is consistent with non-renormalization theorem of the superpotential. In
the present case, that property is true even in the presence of SUSY breaking . This is not only
because we have neglected SUSY-breaking contributions in Eq. (5.5), but also because soft
SUSY-breaking parameters become almost constant after RG evolution in superconformal
regime. Consequently the potential can be trusted only for energy scale larger than SUSY-
breaking parameters and sufficiently smaller than Λ.
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Fig. 4. The RG-improved tree potential (solid line) versus the tree potential with running param-
eters substituted (dashed line). Both are renormalized at µ = Mc given by Eq. (5.13). The
horizontal axis stands for the value of S [GeV] in log scale.
§6. Conclusion and Discussion
We have shown that a large mass scale can be generated if we consider a proper coupling of
a gauge-singlet field to a strongly-coupled gauge dynamics with superconformal fixed point.
Such SCFT dynamics was proposed before as a solution to SUSY flavor problem even in the
presence of generic type of soft SUSY-breaking parameters. The generated mass scale plays
a role of decoupling scale of the SCFT and can be as large as the intermediate scale. An
interesting point of our mechanism is that the decoupling scale of the SCFT is enhanced from
the scale of soft SUSY-breaking parameters thanks to its own strongly-coupled dynamics.
The generation of large scalar VEV can be understood by suppression of its self-coupling
if we just substitute the running couplings into the tree potential; Alternatively it can be
understood, if we consider RG-improved effective potential, by enhancement of the scalar
VEV owing to large anomalous dimension of the scalar field. In both cases, the decoupling
scales are calculated in a self-consistent manner, and the results coincide with each other
(modulo a numerical factor of order one).
There remain some unsettled issues.
We have assumed that the singlet field S has no mass term in the superpotential (2.2).
The coupling of S to SM particles should also be absent or highly suppressed, not to generate
unwanted huge mass terms. These properties could be explained on symmetry ground, but
it would require detailed model building which we will not attempt here. Note that our
mechanism will work even if the single field S has a supersymmetric mass of TeV scale as
long as the trilinear term still dominates it.
The masses of the fluctuation modes of the S field are typically of Aκ∗ = O (10) TeV. To
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determine their precise interactions to other particles would require the precise knowledge
of higher dimensional interactions. Here we only note that such interaction, if exists, will
also receive a suppression due to large anomalous dimension.
The RG-improved potential in the last section can be well justified for γ∗ ≪ 1. Strictly
speaking, however, the correct treatment of RG improvement in strongly-coupled theories is
not known and is beyond the scope of the present paper. We have also neglected perturbative
corrections from weakly-coupled GSM-sector. With these corrections, soft SUSY-breaking
parameters are no longer constant after IR convergence, but we do not expect that our
result will be modified substantially.
Finally we add a remark on model building. Although the powers in the formula (5.13)
for Mc is determined by the value γ∗ of the anomalous dimension at the IR stable fixed
point, the size of Mc is not completely UV insensitive; it does depend on high-energy values
of the self-coupling κ and the corresponding A-parameter. This is a unpleasant feature
of our mechanism. For instance, let us suppose that if SC-sector gauge group consists of
several factor groups, GSC =
∏
kG
(k)
SC , and each factor group needs its own decoupling
sector. Then each G
(k)
SC theory would decouple at different scale, invalidating the suppression
of SUSY flavor violation. Therefore, SC sector with a simple gauge group is suitable for our
decoupling mechanism not to reintroduce non-degeneracy of sfermion masses. A concrete
model building would be discussed elsewhere.
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Appendix A
IR Convergence of Soft Scalar Mass
In this appendix we study RG equations of soft parameters to some details.
We are particularly interested in RG evolution of soft scalar masses m2Φ +m
2
Φ¯
, m2ψ and
m2S near the superconformal fixed point. To see this, let us recall general form of RG
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equations for soft scalar masses;4), 16), 17) Given anomalous dimension matrix γij as a function
of gauge couplings αa ≡ g
2
a/(8pi
2) as well as superpotential couplings
(
yijk/3!
)
φiφjφk and
yℓmn = (y
ℓmn)∗, RG equations for the corresponding soft scalar mass (m2)ij can be calculated
according to the formula
µ
d
dµ
(m2)ij = D2γ
i
j(α, y, y) . (A.1)
Here D2 is a differential operator defined by
D2 = D1D1 +Xaαa
∂
∂αa
+
1
3!
X ijkℓmn
1
2
(
yℓmn
∂
∂yijk
+ yijk
∂
∂yℓmn
)
, (A.2)
D1 = maαa
∂
∂αa
−
1
3!
(yA)ijk
∂
∂yijk
, (A.3)
where ma is gaugino mass corresponding to αa, and
X ijkℓmn ≡ (m
2)i ℓ δ
j
m δ
k
n + δ
i
ℓ (m
2)jm δ
k
n + δ
i
ℓ δ
j
m (m
2)kn , (A.4)
Xa ≡ |ma|
2 +∆a , ∆
NSVZ
a = −
αa
1− Taαa
[∑
i
Tim
2
i − Ta |ma|
2
]
. (A.5)
In the last equation, Ti ≡ T (Ri) is Dynkin index and Ta ≡ C2(Ga) is quadratic Casimir.
The ∆a term, whose necessity was noticed in Ref. 17), is written in a scheme of Ref. 15).
To be concrete, let us explicitly work out RG equations for our model by using anomalous
dimensions at one-loop level;
γΦ + γΦ¯ =
Nf |λψ|
2
8pi2
+
2 |λS|
2
8pi2
−
∑
a=L,R
2 (CaΦ + C
a
Φ¯)αa − 4CSCαSC ,
γψ =
Nc |λψ|
2
8pi2
−
∑
a=L,R
2Caψαa , γS =
NfNc |λS|
2
8pi2
, (A.6)
where we have neglected self-coupling κ of S. Left-right symmetry which exchanges SU(n)L
and SU(n)R implies αL = αR. Nonvanishing Casimir factors are given by
Ca=L,Rψ = C
a=L
ΦL
= Ca=RΦR =
n2 − 1
2n
(A.7)
for GSM = SU(n)L × SU(n)R, and CSC = (N
2
c − 1) / (2Nc) for GSC = SU(Nc).
Since left-right symmetry implies m2ΦR = m
2
ΦL
and m2
Φ¯R
= m2
Φ¯L
, we have
µ
dm2S
dµ
=
NfNc |λS|
2
8pi2
(
m2S +m
2
Φ +m
2
Φ¯
)
, (A.8)
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µ
dm2ψ
dµ
=
Nc |λψ|
2
8pi2
(
m2ψ +m
2
Φ +m
2
Φ¯
)
−
∑
a=L,R
4Caψαam
2
a , (A.9)
µ
d
dµ
(
m2Φ +m
2
Φ¯
)
=
Nf |λψ|
2
8pi2
(
m2ψ +m
2
Φ +m
2
Φ¯
)
+
2 |λS|
2
8pi2
(
m2S +m
2
Φ +m
2
Φ¯
)
+
2NfCSCα
2
SC
1−NcαSC
(
m2Φ +m
2
Φ¯
)
−
∑
a=L,R
4 (CaΦ + C
a
Φ¯)αam
2
a . (A.10)
Note that soft scalar masses appear in RG equations through the combinationsm2ψ+m
2
Φ+m
2
Φ¯
and m2S+m
2
Φ+m
2
Φ¯
, except the ∆-term which involves the soft masses, m2Φ+m
2
Φ¯
, of SC-sector
matter fields only. Therefore, when we write the above RG equations in the matrix form
(3.4), the coefficient matrix (3.5) becomes singular in the limit ∆ → 0. This is one reason
why we have kept the ∆ term. Another reason is that although this term is apparently
subleading in loop expansion, it is a leading order term in large Nc ∼ Nf sense.
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